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AIRPLANE CONFIGURATION HAVING TAIL SURFACES LOCATED 

OUTBOARD OF TEE WINGTIPS AT MACH NUMBERS 

I -  

- 

OF 2.30, 2.97, 3.51, AND 4.06" 

By W i l l i a m  C. Sleeman, Jr., James D. Church, 
and Roger H. Fournier 

SUMMARY 333a ' 
An inves t iga t ion  has been conducted i n  t h e  Langley Unitary Plan 

wind tunnel  t o  determine the  drag, s t a t i c  longi tudina l  and lateral 
s t a b i l i t y ,  and longi tudina l  trim c h a r a c t e r i s t i c s  of an a i rp l ane  configu- 
r a t i o n  having t a i l  surfaces  located outboard of t h e  wingtips.  The t rape-  
zo ida l  wing of t he  model had 60° sweepback at  t h e  leading edge, an  aspect  
r a t i o  of 0.90, and hexagonal a i r f o i l  sect ions 2r percent chord th ick .  

Longitudinal cha rac t e r i s t i c s  were obtained with two s izes  of ho r i zon ta l  
t a i l s ,  having areas 20 and 25 percent  of t h e  wing area. 
obtained over an angle-of-attack range from approximately -3 t o  13' at  
Mach numbers of 2.30, 2.97, 3-51, and 4.06 f o r  a Reynolds number of 
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Data were 
0 

6 2.03 x io . 
The maximum value of l i f t - d r a g  r a t i o  obtained f o r  t h e  b a s i c  model 

with 0' s t a b i l i z e r  s e t t i n g  w a s  approximately 6.3 a t  a Mach number of 
3.51. 
a t  low lift of approximately 8 percent mean aerodynamic chord. 
l ow- l i f t  s t a t i c  margin of 13 percent mean aerodynamic chord, trimmed 
l i f t - d r a g  r a t i o s  of 6 .1were  obtained and were e s s e n t i a l l y  inva r i an t  with 
Mach number from 2.30 t o  4.06. 
13 percent  mean aerodynamic chord, s t a t i c  longi tudina l  i n s t a b i l i t y  would 
be expected f o r  lift coe f f i c i en t s  above approximately 0.20. The s t a t i c  
d i r e c t i o n a l  s t a b i l i t y  of t he  complete model w a s  pos i t i ve  f o r  a l l  t es t  
condi t ions except a t  a Mach number of 4.06 f o r  angles of a t t a c k  between 
approximately 1l0 and 13' where t h e  s t a b i l i t y  w a s  neut ra l .  

This value would apply f o r  trimmed condi t ions with a s t a t i c  margin 
For a 

However, with t h e  s t a t i c  margin of 

~~ 

* 
T i t l e ,  Unclassified.  
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INTRODUCTION v 

The National Aeronautics and Space Administration has  been giving 
considerable a t t e n t i o n  t o  t h e  problem of a t t a i n i n g  high values  of lift- 
drag r a t i o  f o r  a i r p l a n e  configurat ions designed t o  c ru i se  near a Mach 
number of 3.0. Inves t iga t ions  of s eve ra l  d i f f e r e n t  a i r p l a n e  configura- 
t'ions represent ing d i f f e r e n t  approaches t o  t h e  problem are reported i n  
references 1 t o  3 and are summarized i n  reference 4.  Resul ts  of t hese  
i n v e s t i g a t i o n s  demonstrate t h a t  f a i r l y  high values  of l i f t - d r a g  r a t i o  
can be a t t a i n e d  near a Mach number of 3.0 f o r  trimmed conditions.  

The present  study and t h a t  of reference 5 were undertaken as a 
f u r t h e r  i nves t iga t ion  of t h e  type of outboard-tai l  configurat ion reported 
i n  reference 1 with t h e  purpose of obtaining improvements i n  performance 
and s t a b i l i t y  by means of geometric modifications suggested, i n  p a r t ,  by 
t h e  experimental r e s u l t s  of references 1 and 6. 
e t r y  were so extensive t h a t  t h e  present  inodel w a s  a completely d i f f e r e n t  
outboard-tai l  configuration and could not be considered a modification 
o f  t h e  f i r s t  outboard-tai l  model ( ref .  1). Most of t h e  changes made 
were d i r ec t ed  toward reducing t h e  minimum drag and included reducing the  
r a t i o  of volume t o  wing area by reducing t h e  wing thickness-chord r a t i o  
and reducing the  volume of both t h e  fuselage and wingtip bodies.  Other 
changes included reduct ion i n  wing sweep and aspect  r a t i o ,  reduct ion i n  
t h e  r a t i o  of t a i l  area t o  wing a rea ,  increase i n  t h e  r e l a t i v e  s i z e  of  
t h e  engine pack, and add i t ion  of wing t ra i l ing-edge extensions.  I n  order  
t o  expedite construct ion,  t h e  present  model was s impl i f i ed  by el iminat ing 
t h e  wing t w i s t  and d i h e d r a l  used i n  t h e  model of reference 1. However, 
t h e  ana lys i s  presented i n  reference 7 of estimated l a t e ra l  dynamic char- 
a c t e r i s t i c s  indicated t h a t  a very s m a l l  value of e f f e c t i v e  d i h e d r a l  as  
obtained with t h e  model of reference 1 i s  favorable  (negat ive geometric 
dihedral  w i l l  o f f s e t  t h e  p o s i t i v e  d i h e d r a l  e f f e c t  of t h e  l i f t i n g  wing) 
f o r  design conditions near a Mach number of 3.0. Therefore, t h e  use of 
negative geometric d ihed ra l  on t h e  p re sen t  model would have been d e s i r -  
able t o  o f f s e t  t h e  l a r g e  p o s i t i v e  d i h e d r a l  e f f e c t  a t  l i f t i n g  conditions.  

These changes i n  geom- 

The present  t e s t s  were conducted a t  t h e  Langley Unitary Plan wind 
tunne l  a t  Mach numbers of 2.30, 2.97, 3.51, and 4.06 a t  a Reynolds nun- 
b e r  of 2.03 x 10 6 f o r  an angle-of-attack range from approximately -3' t o  
13'. 
of two d i f f e r e n t  s i z e s ,  t h e  b a s i c  t a i l  surfaces  (used on t h e  configura- 
t i o n  r e fe r r ed  t o  as the  b a s i c  model) had an area of 20 percent  of t he  
wing area and the  l a rge  t a i l  surfaces  had an area of 25 percent  of t h e  
wing area.  La te ra l  s t a b i l i t y  d e r i v a t i v e s  f o r  t h e  b a s i c  model were 
obtained from t e s t s  through t h e  aii(:le-of-attack range a t  f i x e d  s i d e s l i p  
angles of  ?bo. Data were a l s o  obtained Over a range of s i d e s l i p  angles  
from -4' t o  10' f o r  angles  of a t t a c k  of approximately IC' and 8' a t  a 
Mach number of 2.57. A summary Of t h e  r e s u l t s  of t h i s  i nves t iga t ion  i s  

- 
Longitudinal c h a r a c t e r i s t i c s  were obtained wi th  ho r i zon ta l  t a i l s  

i 
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presented; however discussion and ana lys i s  of t h e  d a t a  have been omitted 
i n  order t o  expedite publ icat ion of these data .  

SYMBOLS 

The da ta  of t h i s  inves t iga t ion  a re  r e f e r r e d  t o  the  system of axes 
shown i n  f igu re  1. 
axes and the  longi tudinal  cha rac t e r i s t i c s  are r e f e r r e d  t o  t h e  s t a b i l i t y  
axes. Moment coef f ic ien ts  a r e  given about a moment reference loca ted  
a t  50.12 percent of t h e  mean aerodynamic chord of t he  wing alone 
(excluding t h e  t a i l  sur faces) .  

The l a t e r a l  cha rac t e r i s t i c s  are r e f e r r e d  t o  t h e  body 

L i f t  l i f t  coef f ic ien t ,  - 
qs 

Tota l  drag 
external-flow drag coef f ic ien t ,  qs  - (‘D,b + ‘D,i) 

base-pressure drag coef f ic ien t  

engine-pack internal-flow drag coe f f i c i en t  

Pi tching moment pitching-moment coe f f i c i en t ,  ~ 

qsz 

rolling-moment coef f ic ien t ,  Rolling moment 

qSb 

Yawing moment yawing-moment coef f ic ien t  , 
qSb 

side-force coe f f i c i en t ,  Side force 

e f f ec t ive  d ihedra l  parameter, 

( 3 p d 4 0  
d i r e c t i o n a l - s t a b i l i t y  parameter, 

(?)p=5,. 
side-force parameter, 
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b 

C 

M 

P t  

S 

span of wing p lus  ho r i zon ta l  t a i l  

chord of wing o r  t a i l  

mean aerodynamic chord of wing p l u s  ho r i zon ta l  t a i l  

l i f t - d r a g  r a t i o  

free-stream Mach number 

free-stream stagnat ion pressure,  lb/sq f t  abs 

free-stream dynamic pressure,  lb/sq f t  

L 
4 
6 
9 '  

Reynolds number based on E of model with b a s i c  ho r i zon ta l  
t a i l  

a r e a  of wing p lus  ho r i zon ta l  t a i l ,  including wing-body i n t e r -  
cept (wingtip and t a i l - r o o t  chords are assumed t o  l i e  on 
center  l i n e  of wingtip bodies) but  not including area of 
t r a i l i ng -edge  extensions 

- 

U angle  of a t t a c k  r e f e r r e d  t o  fuselage reference l i n e ,  deg 

B angle of' s i d e s l i p  r e f e r r e d  t o  fuselage center  l i n e ,  deg 

6 r  rudder de f l ec t ion  r e l a t i v e  t o  chord plane of v e r t i c a l  t a i l  
( p o s i t i v e  when t r a i l i n g  edge i s  de f l ec t ed  t o  l e f t ) ,  deg 

it h o r i z o n t a l - t a i l  incidence angle r e l a t i v e  t o  cen te r  l i n e  of 
rear ha l f  of wingtip bodies ( p o s i t i v e  when t r a i l i n g  edge 
i s  down), deg 

E 

Subscripts  : 

angle of e f f e c t i v e  downwash a t  ho r i zon ta l  t a i l  ( p o s i t i v e  
when flow i s  d i r ec t ed  down r e l a t i v e  t o  f ree  stream), deg 

max maximum 

m i  n minimum 



5 

APPARATUS AND MODEL 

The tests were conducted i n  the  high Mach number test  sec t ion  of 
t h e  Langley Unitary P lan  wind tunnel .  
p ressure ,  continuous-fiow type with a test sec t ion  4 feet square and 
approximately 7 feet i n  lengih.  
t o  4.06 by means of an a s y m k t r i c  sl iding-block nozzle. 

This tunnel  i s  of t h e  var iab le-  

The Mach number w a s  var ied  from 2.30 

* .* 
c 

The genera l  arrangement of t h e  outboard-tai l  model and i t s  engine 
pack a re  shown i n  figure 2 and tabulated geometric c h a r a c t e r i s t i c s  are 
given i n  table I. 
wing of t h e  model had 60' sweepback a t  t h e  leading edge, an aspect r a t i o  
of 0 .go, aiid .& -percent=chord-thick hexagonal a i r f o i l  sec t ions  wi th  

r idge  l i n e s  a t  t h e  l/3- and 2/3-chord l i n e s .  
and had no d ihedra l  o r  incidence. 

Photographs of t h e  model are shown i n  f igu re  3. The 

2 
"he wing was not twis ted  

The forward p a r t  of t h e  fuselage of t h e  model had a cross -sec t iona l  
shape composed of two semiel l ipses  having t h e i r  major axes hor izonta l  
and coincident .  The minor axes of these semie l l ipses  were se l ec t ed  so 
t h a t  t h e  height  of t he  body was one-half of t h e  width. 
p a r t  of the body w a s  a bas i c  semicircular shape with t h e  diameter loca ted  
on t h e  bottom sur face  of t h e  wing. 

Most of t h e  rear 

A s lender  body was a f f i x e d  t o  each wingt ip  and had a 1.2 t o  1.0 
e l l i p t i c a l  c ross  s e c t i o n  with t h e  major a x i s  v e r t i c a l .  
of t h e  forward ha l f  of t h e  wingtip bodies w a s  p a r a l l e l  t o  t h e  wing- 
chord plane,  whereas t h e  center  l i n e  of t h e  rear h a l f  was inc l ined  
upward 3O.  The wingtip bodies  were "bent" i n  order  
t o  have t h e  hor izonta l  t a i l  sec t ions  a l ined  with t h e  bodies a t  t h e  
trim s e t t i n g  f o r  design conditions when used on t h e  present  untwisted 
wing. The wingtip bodies were a l s o  "bent" inward a t  t h e  rear so t h a t  
t h e  v e r t i c a l  t a i l  surfaces  which were a l ined  wi th  t h e  wingtip bodies 
would have l.5O of toe-out. 

The center  l i n e  

(See f i g .  2 ( a ) . )  

(See plan view, f i g .  2 (a ) . )  

Details of t h e  geometry of t h e  hor izonta l  and v e r t i c a l  t a i l  sur faces  
are given i n  t a b l e  I and figure 2. These surfaces  were considered t o  be 
undeflected when they were a l ined  with t h e  center  l i n e s  of t h e  rear p a r t  
of t h e  wingt ip  bodies.  
u re  2 extended rearward from t h e  wing t r a i l i n g  edge a t  approximately t h e  
30 i n c l i n a t i o n  of t h e  rear p a r t  of the  wingtip body. (See f i g .  3 . )  The 
t o t a l  exposed plan-form area of these t ra i l ing-edge  extensions was 
0.115 sq f t ;  however t h i s  added area was not considered i n  t h e  re ference  
area used i n  reduct ion of t h e  present  da ta .  
t e s t e d  as a p a r t  of t h e  bas i c  model are given i n  f igu re  2 ( c ) .  
pack cons is ted  of a two-dimensional s p l i t  i n l e t  t h a t  w a s  ducted t o  exhaust 
through four  choked nozzles.  A wedge-type boundary-layer d i v e r t e r  loca ted  

The wing t ra i l ing-edge extension shown i n  f i g -  

Details of t h e  engine pack 
The engine 
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M 

on t h e  upper surface of t h e  inlet-duct  housing w a s  an i n t e g r a l  p a r t  Of 
t h e  engine pack. 

P t '  q, 
lb/sq f t  abs lb/sq f t  

* ,  

J 

2.30 
2.97 
3.51 
4.06 

Forces and moments ac t ing  on t h e  model were measured by means of a 
six-component i n t e r n a l  strain-gage balance. This balance w a s  a t tached,  
by means of a s t i ng ,  t o  t h e  tunnel  c e n t r a l  support system. 
operated, adjustable  angle coupling was included i n  t h e  model support 
system and t h i s  coupling permitted tests t o  be made a t  var ious angles 
of a t t ack  simultaneously with va r i a t ions  i n  t h e  angle of s i d e s l i p .  

A remotely 

1,131 335 
l,b14 2 84 
2,150 240 
3,007 211 

L 
TESTS 4 

6 
9 

Tests  were conducted f o r  a l l  configurations through an angle-of- 
a t t a c k  range,*of approximately -3O t o  13' a t  an angle of s i d e s l i p  of 0'. 
Longitudinal c h a r a c t e r i s t i c s  of t h e  b a s i c  model were obtained f o r  t h e  e 

complete range of ava i l ab le  h o r i z o n t a l - t a i l  s e t t i n g s  and with t h e  ho r i -  
zon ta l  t a i l s  removed f o r  Mach numbers of 2.30, 2.97, and 3.51. Only 
l imi t ed  da ta  were obtained a t  M = 4.06 f o r  some of t h e  configurat ions.  
The v e r t i c a l  t a i l  was on t h e  model i n  a toe-out p o s i t i o n  f o r  a l l  t es t s  
except where t h e  t a i l  was removed t o  determine t h e  e f f e c t  on l a t e ra l  
de r iva t ives .  The strain-gage balance was mounted i n  t h e  engine pack and 
therefore  a l l  t e s t s  were made with t h e  engine pack on t h e  model. 

Average Mach numbers, s tagnat ion pressures ,  dynamic pressures ,  and 
Reynolds number are l i s t e d  i n  t h e  following t a b l e :  

Stagnation temperature was maintained a t  155' 

R 
(based on E )  

2.03 x 106 
2.03 
2.03 
2.03 

F f o r  a l l  Mach numbers. 

Pressure measurements were recorded during one of t h e  tes t s  i n  order  
t o  obtain the  drag increments assoc ia ted  with base p res su re  and t h e  
engine-pack i n t e r n a l  f low.  Data were also obtained a t  M = 2.97 with  
t h e  model a t  Oo angle of a t t a c k  f o r  a range of e l eva ted  s tagnat ion pres-  
su res  i n  order  t o  study the  e f f e c t  of Reynolds number on minimum drag. 
This t e s t  was conducted,near zero lift over a Reynolds number range of 

6 

2.03 x 106 t o  8.88 x 106 based on E .  



I . 

Trans i t ion  w a s  f ixed  09 a1;Gonfigurations by means of roughness 
s t r i p s  placed around, the%fls&Iage and wingtip bodies about 2 inches 
behind t h e  noses and along the  5-percent-chord l i n e s  (upper and lower 
sur faces)  of t h e  wing and ta i l  surfaces.  
formed by p lac ing  s ing le  gra ins  of sand having a nominal s i z e  of 
O.OIA inch along the t r a n s i t i o n  l i n e  a t  a spacinn ef uyp*Y onnmxim=+~1-r -Y"u'--LJ 

1/32 inch between gra ins .  

The t r a n s i t i o n  s t r i p s  were 

6 

CORRECTIONS AND ACCURACY 

7 

Tunnel pressure gradients  i n  t h e  region of t h e  model have been 
found t o  be s u f f i c i e n t l y  s m a l l  so  as not t o  induce any measurable buoy- 
ancy e f f e c t s  on t h e  model. Corrections f o r  tunnel-airflow misalinement 
have been determined from tests of the  model at e r e c t  and inver ted  posi-  
t i o n s  and these  cor rec t ions  have been appl ied  t o  t h e  model angle of 
a t tack .  
r ec t ed  f o r  de f l ec t ion  of t h e  balance-st ing combination due t o  load. 

I n  addi t ion,  a l l  angles  of a t t ack  and s i d e s l i p  have been cor- 

. 
A l l  drag data have been adjusted t o  correspond t o  free-stream s t a t i c  

pressure  ac t ing  on t h e  e n t i r e  base area of t h e  model including t h e  area 
occupied by t h e  s t i n g  but  not including t h e  duct ex i t  areas. Pressures 
measured i n  t h e  balance chamber and over t h e  engine-pack base were used 
t o  ob ta in  base-pressure cor rec t ions  and were appl ied t o  t h e  appropr ia te  
areas. A cor rec t ion  f o r  C D , ~  ( force  computed from duct and e x i t  pres-  
sures by using standard momentum-balance equation) has been subt rac ted  
from t h e  measured drag data. The necessary pressure measurements were 
not made at M = 4.06 t o  ob ta in  C D , ~  and CD,b; consequently extrapo- 
lations of these  cor rec t ions  were employed (see  f i g .  5) i n  computing t h e  
da t a  a t  t h i s  Mach number. 

. 

Resul t s  of t h e  t e s t s  with the  large hor izonta l  t a i l  on t h e  model 
were obtained subsequent t o  t h e  o r i g i n a l  tests with the  b a s i c  hor izonta l  
t a i l ,  and d i f f e ren t  strain-gage balances were used. The balance employed 
i n  tes ts  of t h e  model with t h e  b a s i c  hor izonta l  t a i l  and i n  tests with 
t h e  t a i l  off i s  designated balance A, and t h e  balance used w i t h  t h e  l a rge  
ho r i zon ta l  t a i l  i s  designated balance B. Accuracy of t h e  presented d a t a  
based on design spec i f ica t ions  f o r  the strain-gage balance and tunnel  
c a l i b r a t i o n  i s  est imated t o  be within t h e  following l imi t s :  

M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s .015  
a , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.2 
p , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r0.2 
i t , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.1 
E,, d e g . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  m.1 
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Balance A Balance B 

C L . .  . . . . . . . . . . . . . . . . . . . . .  kO.003 fO .001 
c D . .  . . . . . . . . . . . . . . . . . . . . .  k0.0006 a. 0005 
c m .  . . . . . . . . . . . . . . . . . . . . . .  fO.002 +o ,002 
c z . .  . . . . . . . . . . . . . . . . . . . . .  i-0.0003 f0 .0002 
cn . . . . . . . . . . . . . . . . . . . . . . .  +0.0008 i-o .0006 
c y . .  . . . . . . . . . . . . . . . . . . . . .  f0.002 +o .003 

I n  some cases,  because of normal-force zero s h i f t s  induced by temperature 
e f f e c t s  i n  balance A, t h e  l i m i t s  i n  values f o r  CL? CD, and Cm are 
somewhat greater than those given i n  t h e  t a b l e .  The stated accuracy 
l i m i t s  f o r  balance B are bel ieved t o  apply f o r  a l l  t h e  present  tes ts  
wi th  t h i s  balance. 

J 

L 
4 
6 
9 

PRESENTATION OF RESULTS 

The b a s i c  r e s u l t s  of t h i s  i nves t iga t ion  are presented i n  f i g u r e s  4 
t o  13 and some r e s u l t s  are summarized i n  f i g u r e s  14 t o  17. 
of t h e  f i g u r e  content i s  as follows: 

An o u t l i n e  

Figure 

Schlieren photographs . . . . . . . . . . . . . . . . . . . . . .  4 
Internal-flow and base-pressure drag c o e f f i c i e n t s  . . . . . . . .  5 
Effect of Reynolds number on minimum drag c o e f f i c i e n t  . . . . . .  6 
Longitudinal c h a r a c t e r i s t i c s :  

Basic t a i l  . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Large t a i l  8 ,  9 

Use of ho r i zon ta l  t a i l  as a r o l l  c o n t r o l  . . . . . . . . . . . .  10 
Ef fec t  of rudder de f l ec t ion  . . . . . . . . . . . . . . . . . . .  11 
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The main r e s u l t s  of an inves t iga t ion  at  Mach numbers of 2.30, 2.97, 
3.51, and 4.06 of an outboard-tai l  a i rp lane  configuration having a 60° 
sveptback wing m y  be s-maarizeO a s  fcllcxzs: 

The maximum value of lift-drag r a t i o  obtained f o r  t h e  b a s i c  model 
with it = Oo 

This value would apply f o r  trimmed conditions with a s t a t i c  margin a t  
low l i f t  of approximately 8 percent mean aerodynamic chord. 
l i f t  s t a t i c  margin of approximately 13 percent mean aerodynamic chord, 
trimmed l i f t - d r a g  r a t i o s  of 6.1 were obtained and were e s s e n t i a l l y  
inva r i an t  with Xach namber fro= 2.30 t~ 4.06 ( f i g .  16). H%ever, w i t h  
t h e  s t a t i c  margin of 13 percent mean aerodynamic chord, s t a t i c  longi tu-  
d i n a l  i n s t a b i l i t y  would be expected f o r  l i f t  coe f f i c i en t s  above approxi- 
mately 0.20 ( f i g .  7). 

( f i g .  15) w a s  approximately 6.3 a t  a Mach number of 3.51. 

For a low- 

A comparison of maximum l i f t - d r a g  r a t i o s  f o r  t he  present  b a s i c  
model with those f o r  t h e  outboard-tai l  model of reference 1 shows oppo- 
s i t e  t r ends  with increasing Mach number from 2.30 t o  3 .51  ( f i g .  17). 
The model of reference 1 had a maximum l i f t - d r a g  r a t i o  of 6.4 a t  a Mach 
number of 2.30 which decreased t o  a value of 5.5 a t  a Mach number of 
3.51, whereas f o r  t h e  same Mach numbers, maximum l i f t - d r a g  r a t i o s  of 
t he  present  bas i c  model increased from 6.1 t o  6.3. 
t h e  model of reference 1, t h e  refinements incorporated i n  t h e  present  
model, such as th inner  a i r f o i l  sec t ions ,  more s lender  fuse lage  and wing- 
t i p  bodies,  and s l i g h t l y  lower volume-to-wing-area r a t i o ,  would be 
expected t o  r e s u l t  i n  improvements i n  l i f t - d r a g  r a t i o  throughout t h e  
Mach number range. Reasons why these  expected improvements were not  
r e a l i z e d  a t  t h e  lower Mach numbers are  not r ead i ly  apparent; however 
the re  i s  evidence t h a t  f o r  t h e  present model, appreciable ex te rna l  
s p i l l a g e  from t h e  i n l e t  w a s  present  near a Mach number of 2. This 
e x t e r n a l  flow would cause a drag increment which d i d  not appear i n  t h e  
internal-f low measurements and which would be expected t o  ma te r i a l ly  
diminish as t h e  tes t  Mach number approached t h e  i n l e t  design Mach number 
of 3.0. 

I n  comparison wi th  

The s t a t i c  d i r ec t iona l  s t a b i l i t y  of t h e  complete model was p o s i t i v e  
f o r  a l l  t e s t  conditions except at  a Mach number of 4.06 f o r  angles  of 
a t t a c k  between approximately 1l0 and 13' where the  d i r e c t i o n a l  s t a b i l i t y  
w a s  neu t r a l .  Pos i t i ve  e f f e c t i v e  dihedral  at  pos i t i ve  l i f t  c o e f f i c i e n t s  
w a s  ind ica ted  f o r  a l l  test conditions.  

Langley Research Center, 
Nat ional  Aeronautics and Space Administration, 

Langley F ie ld ,  V a . ,  October 14, 1959. 
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TABLE I.- GEOMETRIC CfLARACTERISTICS OF MODEL 

Wing p lus  basic horizontal  t a i l  (used i n  reihctio:: Gf a l l  data 
except da ta  f o r  model wi th  la rge  horizontal  t a i l ) :  
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  2.5000 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.2941 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . .  1.3690 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  2.1052 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.09% 

Wing p lus  la rge  horizontal  t a i l  (used i n  reduction of da t a  
obtained with l a rge  horizontal  t a i l )  : 
Area. s q  f t  . . . . . . . . . . . . . . . . . . . . . . . . .  2.6041 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.4096 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . .  1.3457 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  2.2296 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.1096 

Wing: 
Area. sq  f t  . . . . . . . . .  
Span. f t  . . . . . . . . . .  
Mean aerodynamic chord. f t  . 
Aspect rat i o  . . . . . . . .  
Taper r a t i o  . . . . . . . . .  
Twist. deg . . . . . . . . .  
Dihedral. deg . . . . . . . .  
Leading-edge sweepback. deg . 
Trailing-edge sweepback. deg 
Exposed volume. cu f t  . . . .  
A i r f o i l  sec t ion  . . . . . . .  

. . . . . . . . . . . . . . . .  2.0833 

. . . . . . . . . . . . . . . .  1.3693 

. . . . . . . . . . . . . . . .  o.go00 

. . . . . . . . . . . . . . . .  0.6654 

1.5419 . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  0 

. . . . . . . . . . . . . . . .  0 

. . . . . . . . . . . . . . . .  60.00 

. . . . . . . . . . . . . . . .  40.00 . . . . . . . . . . . . . . . .  0.04021 
2- 1 percent thick.  hexagonal . . . . . .  2 

Basic hor izonta l  t a i l  (panel geometry) : 
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . .  
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  
Leading-edge sweepback. deg . . . . . . . . . . . . . . . .  
Trailing-edge sweepback. deg . . . . . . . . . . . . . . .  
Exposed volume. cu f t  . . . . . . . . . . . . . . . . . . .  
A i r f o i l  sec t ion  . . . . . . . . . . . . .  21 percent thick.  2 

. 0.2083 

. 0.5046 

. 0.2500 

. 61.50 . 30.80 . 0.00187 

. 0.4624 
1.0392 

hexagonal 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL . Concluded 

Large horizontal  t a i l  (panel geometry) : 
k e a .  sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0.2604 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5202 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . .  0.5606 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  1.0392 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.2500 
Leading-edge sweepback. deg . . . . . . . . . . . . . . . . .  61.50 
Trailing-edge sweepback. deg . . . . . . . . . . . . . . . .  31.50 
Exposed volume. cu f t  . . . . . . . . . . . . . . . . . . . .  0.00244 
Ai r fo i l  sect ion . . . . . . . . . . . . .  2 1  percent thick.  hexagonal 

2 

Vert ical  t a i l  (panel geometry) : 
k e a .  sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0.1389 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3223 
Mean aerodynamic chord . . . . . . . . . . . . . . . . . . .  0.4826 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.7479 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.2500 

1.50 Incidence ( toe-out)  . deg . . . . . . . . . . . . . . . . . .  
Rudder area.  sq f t  . . . . . . . . . . . . . . . . . . . . .  0.0463 

Leading-edge sweepback. deg . . . . . . . . . . . . . . . . .  52.00 
Trailing-edge sweepback. deg . . . . . . . . . . . . . . . .  -13.00 
Exposed volume. cu f t  . . . . . . . . . . . . . . . . . . . .  0.00095 

2A percent thick.  double wedge 

Location of  rudder hinge l i n e .  percent chord . . . . . . . .  66.67 

Ai r fo i l  sec t ion  . . . . . . . . . . .  
2 

Wingtip bodies : 
Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  2.2917 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  20.14 
Volume. cu f t  (each) . . . . . . . . . . . . . . . . . . . .  0.01045 

Fuselage : 
Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  3.2917 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  15.65 
Volume. cu f t  . . . . . . . . . . . . . . . . . . . . . . . .  0.06294 

Engine pack: 
Base.area, sq f t  (excluding four  exi ts  and cavi ty  a rea)  . . .  0.0228 
Cavity area.  sq f t  . . . . . . . . . . . . . . . . . . . . .  0.0167 
Capture area. sq f t  . . . . . . . . . . . . . . . . . . . . .  0.0309 
Enclosed volume. cu f t  . . . . . . . . . . . . . . . . . . .  0.05941 
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Figure 1.- System of axes used in presentation of data. 
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(a) Three-view drawing of basic model. 

Figure 2.- General arrangement of outboard-tail model. All dimensions are 
in inches. 
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Figure 3.- Photographs of the basic model. L-58-2297 
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(b)  M = 2.97. 

Figure 4. - Typical schlieren photographs. L-39-6094 
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(c )  M = 3.51. (d )  M = 4.06. 

Figure 4.- Concluded. L-59-6095 - 
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Figure 6.- Variation of minimum drag coe f f i c i en t  with Reynolds number 
(based on 5 )  f o r  the  basic model a t  M = 2.97. 



22 

m a  erne e am ma am e a m m m  ma 
m a  m a  m a  m m m  m e a  m m m  

a m a a m  
a m m  

a m  a: :  

am m m m  ma 
m a  

me mea a 

- .10 - .05 0 .05 .10 .15 .20 .25 .30 .35 .40 .45 a50 

(a)  M = 2.30. 

Figure 7.- Ef fec t  of the  basic  ho r i zon ta l  t a i l  and t a i l  incidence on 
aerodynamic c h a r a c t e r i s t i c s  i n  p i t c h  of the  model. 
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(a) M = 2.30. Concluded. 

Figure 7.- Continued. 
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(c) M = 3.51. 

Figure 7.- Continued. 
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( c )  M = 3.51. Concluded. 
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Figure 8.- Continued. - 



. 

.06 

.04 

c m  - 0 2  

0 

- .02 

14 

12 

i a  

E 

E 
a, 

deg 
4 

1 

C 

- 1  

- 4  

am a a a  a *om a ma am a a a a a a  ma 
m a  a m  a m  a m o a  a a a  a a a  
a a am a am a a m  a a a m a m  

a m  am a a a  m a  a a a *'I) a m *  am: ' a t  

C L  

(b) M = 3.51. 

Figure 8.- Continued. 

c 



IQ . 

. 
33 

CL 

(b) M = 3.51. Concluded. 
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Figure 9.- Aerodynamic characteristics in pitch of the model with the 
large tail at M = 2.30 and M = 4.06 with it = 0'. (Coeffi- 
cients are based on geometry of wing and large tail.) 
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Figure 10.- Ef fec t s  of d i f f e r e n t i a l  d e f l e c t i o n  of t h e  bas ic  ho r i zon ta l  
t a i l s  when used as a r o l l  c o n t r o l .  M = 2.97; P = 0'. 
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(b) M = 2.97. 

Figure 12. - Continued . 
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(a) M = 4.06. 

Figure 12.- Concluded. 



44 

005 

C n  

.005 
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Figure 13.- Aerodynamic characteristics in sideslip of the model with 
the basic horizontal tail. M = 2.97. 
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(b) b n g i t u d i n a l  c h a r a c t e r i s t i c s .  

Figure 13. - Concluded. 
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Figure 14.- Summary of the variation with Mach number of longitudinal 
stability parameters at low l i f t  coefficients with 
tail-on configurations . 
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Figure 15.- Variat ion w i t h  Mach number of maximum l i f t - d r a g  r a t i o ,  of 
l i f t  coe f f i c i en t  f o r  maximum l i f t - d r a g  r a t i o ,  and of minimum drag 
c o e f f i c i e n t  w i t h  it = 0' f o r  ta i l -on  configurat ions.  
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Figure 16.- Ef fec t  of the amount of s t a t i c  l ong i tud ina l  stabi i t y  a t  l o w  
l i f t  on the  maximum values  of l f f t - d r a g  r a t i o  f o r  trimmed condi t ions .  
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Figure 17.- Comparison between some performance parameters for the basic 
model with 

ence 1 with 

it = 0' and those for the outboard-tail model of refer- 

it = -0.1'. 


